pode ser reutilizado diversas vezes sem perda do rendimento da reação.
Introduction
Aldol condensation is a powerful tool for the formation of carbon-carbon bond in many classes of carbonyl compounds. 1 Due to the importance of methylene structural unit, which is found in many naturally occurring compounds and antibiotics, and the use of α,α'-bis(substituted benzylidene)cycloalkanones as precursors for the synthesis of bioactive pyrimidine derivatives, 2 condensation of cycloalkanones with aldehydes and ketones is of special interest and crossed-aldol condensation is an effective pathway for these preparations. However traditional acid-or base-catalyzed reactions suffer from the reverse reaction, 3 and also self-condensation of starting materials. 4 Different complexes of metal ions such as Mn(II), Fe(II), Co(II), Ni(II), Cu(II), and Zn(II) with different ligands have been used for aldol condensations. 5 The use of Cp 2 ZrH 2 in combination with metal salts in autoclave (120 o C, 10h) and under inert atmosphere have also been reported for aldol condensation of cycloalkanones. 6 Bis(p-methoxyphenyl)telluroxide and KF-Al 2 O 3 have been used for crossed-condensation of cycloalkanones with aromatic aldehydes under microwave irradiation. 6, 7 Anhydrous RuCl 3 and TiCl 3 (SO 3 CF 3 ) have also been used for this purpose under solvent-free conditions. 8, 9 The use of expensive and toxic reagents, long reaction times, low yields, and formation of a mixture of products are among the drawbacks of the reported methods. Recently, more attention has been paid to the synthesis of α,α'-bis(substituted benzylidene)cycloalkanones. 10, 11 In continuation of our studies on the application of silica sulfuric acid as a versatile and stable solid acid in organic synthesis, 12, 13 we wish to report an efficient and selective method for condensation of cyclic and acyclic ketones with aromatic aldehydes under solvent-free conditions.
Results and Discussion
Different types of ketones were subjected to condensation with aromatic aldehydes, containing either electron-releasing or electron-withdrawing groups, in the presence of the reagent under solvent-free conditions (Scheme 1). The results are summarized in the Table 1 . The reactions were completed within 2-3.5 h and high yields of α,α'-bis(substituted benzylidene and cinnamylidene) cyclopentanones and cyclohexanones were obtained (entries [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Under these conditions, no self-condensation of the starting materials was J. Braz. Chem. Soc. observed. Attempted monocondensation from one side of cycloalkanones, in the presence of lower amounts of the aldehydes, was not successful.
Reactions were also performed for acyclic ketones like acetophenone and 2-acetylnaphthalene and the corresponding products were obtained in excellent yields within 2-3 h (entries 13-18).
When similar reactions were conducted in different organic solvents such as acetonitrile, dichloromethane, or toluene, a mixture of products was obtained in poor yields.
The promoting effect of silica sulfuric acid in these reactions was shown by performing some reactions in the absence of the reagent (entries 19,20). Entry 21 describes the yields of four consecutive condensations of cyclohexanone and benzaldehyde. In these experiments the product was isolated and the remaining catalyst was washed and reloaded with fresh substrates for further runs. No decrease in the yield was observed, demonstrating that silica sulfuric acid can be reused in crossed-aldol condensation, without any environmental discharge.
Experimental

General
Silica sulfuric acid was prepared according to the reported procedure. 12 Products were characterized by comparison of their spectroscopic data ( 1 HNMR, IR) and physical properties with those reported in the literature. 6, 10, 14 All yields refer to isolated products.
General procedure for crossed-aldol condensation of ketones with aromatic aldehydes
Ketone (2 mmol), aromatic aldehyde (4.2 mmol) and silica sulfuric acid (1.5 g, equal to 4 mmol of H + ) were mixed thoroughly, placed in a glass tube and capped. The mixture was heated in an oven at 80 o C for 2-3.5 h (Table  1) . After complete conversion of the ketone, as indicated by TLC, the mixture was cooled to room temperature. Dichloromethane (20-30 mL) was added and heated for few minutes. The reagent was removed by filtration. The filtrate was concentrated and the solid residue was recrystallized from ethanol to afford the pure product.
The catalyst could be recycled by washing the solid reagent remained on the filter by EtOAc (20 mL) followed by drying in an oven (50 o C) for 2h.
Conclusions
In conclusion the present method is a very efficient and selective protocol for crossed-aldol condensation of ketones with aromatic aldehydes and high yield synthesis of α,α'-bis(substituted benzylidene)cycloalkanones in the presence of a reusable and environmentally benign catalyst. Simple work-up procedure, including washing the mixture followed by evaporation of the solvent, is another advantage of this method.
